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VATERTONN ARSENAL LABORATORY
MEMORANDUM REPORT NO. WAL 710/788

Partial Report on Problem B-7.16

29 November 1945

Comparative Registance of Various Components of

Experimental Helmet T21E1

1. At the request of the Office, Chief of Ordnancel, ballistic
tests have recently been conducted at this laboratory on various
components of the experimental helmet, T21Rl.

2. On the basis of these tests a three-ply nylon immer component
is to be preferred over a three-ply fiberglas inner component, and a
24ST duralumin outer component (of average gauge = .109*) is to be pre-
ferred over a 75ST duralumin outer component (of average gauge = .097%).
However, while the superiority of the nylon component over the fiberglas
component appears to be independent of weight (although perhaps a result
of thickness), the superiority of the 2UST component over the 75ST component
seems directly attridbutable to the weight (thickness) difference. Thus,
as regards resistance to cal. .22 fr t simulating mjoetihcz.
equivalent weights (thicknesses) of and 758T duralumin eould be
expected to perform equivalently, whereas equivalent weights of the nylon
and fiberglas laminated components have demonstrated the superiority of
the nylon laminate.

3. @rids of one-inch squares, four squares wide, were laid out, from
front to rear, and from side to side, on eagh metallic component. Thick-
ness measuremenis were read for each square and are shown in FPigure 1.
Representative losations on each of the nom-metallic components were
measured for thickness and these results are recited in Table I.

b, Before sach round was fired the target component was erected in
such a manner as $0 provids that the swface to be impacted was tangent
at the point of anticipated impact to a plane perpendicular to the expected
flight of the projectile. Velocities were measured by means of a Remingtom
4ras Company chronoscops with photo-slectric cell pickup mnd a time dlsy
ivyput unit. Bach component was subjected $o a number of impacts with val.
»22 fragment-simulating prejectiles, 737, sufficient ¢ establish its

1. 0.0. §21/321(e) - wen. 521/533(c), 26 September 1945.




apparent ballistic 1imit (P). The results of the tests on the metallic
components appear in Figures 2 and 3. The results of tests on the
non-metallic ocomponents appsar in Tadle II.

5. It is thus apparent that the resistanee of the nylon corponent
(apparent ballistic 1imit about 500 feet-per-second) is to be prefarred
over that of the fiberglas component (spparent ballistio 1imit about
600 fest-per-second). Bven though the nylon component §s thicker (.057*
versus .Oli5%) than the fiderglas component ir about the same ratio as
their ballistic limits, and perbeps the superiority of the nylon component
may be attridbuted to this greater thickness, the fast that the weights per
unit area are equivalent demands the prefersnce of the nylon constitusat.

€. On the other hand, although the 24ST component with an average
ballistic limit of 815 feet~per-second is superior te the 7552 component
vith an average balliistis limit of 760 feet-per-second, the superiority
is not demcnstrated at an equivalent weight smd extrapelatioa indicates
that 1f equivalent weights were tested equivalent ballistic limits would
result. - Therefore, 24T and 7587 duralumin mey be oonsidered inter-
changeabls as outer components without prejudice to the dallistic integrity
of a helmet assembly.

7. As would be expected from the foregoing, the combination of the
248? duralumin component with the nylon laminate ocomponent represented
the best team among the four available ocomponent ocombinations. This
comdination represented a distinst improvement of the ourrent X1 combination
of Hadf1eld manganese steel shell with plastie liner of dublous dallistic
merit, although the overall weights are squivalemt.

8. It 1s thus concluded that an experimental helmet, T21X1, with a
three-ply nylon laminate inner component and an outer component of either
2lg? or 7537 duralumin will provides

a. Improved resistamce to fraguent attack over the current
N1 helmet assembly if the everall veights are held constant;

b. A saving in overall weight, as compared with the current
X1 helmet assemdly, if the protection is held oonstant; or

o. A oonbined saving in veight amd imsreased protection, as
compared with the ourrent M1 helmet assesbdly, if s weight
{atermediate Detween the ourrent weight amd ome whish would
provids current protection is chosea.
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Phickness Meusurements on Inner (Non-Metallic) Componsnts

TARLE 1

of Rxperimental Helmet 721K

ol TR LR g
Eylon 060" LO057% . 0508 O057°* .058% 060"
ylen 078" Ol 0530 057 57" .062°

Plborglas  .ONT8  .OUos  .cMos  .Oke  .OMe .Okpe

Piderglas  .OW5®  .ONgw  Okhs  080%  .Ouge  .Okge

Average thickness of nylon cosponents - .057*

Average thickness of fibderglas componmnts - .0U5®
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TABLE 1I

Summary of Ballistic Tests Conducted Against

Yarious Proposed Components of Exper imental

Helmet T21El

Ave. Ballistic Limit (P)

Material  Oauge (Cal. .22, T37)
2usT 109" 815
1581 L097% 760
3-Ply Nylon RCTA 800
3-Ply Fiberglas Lo 600
24ST Plus - 1320
3-Ply Nylon
43T Plus -~ 1247
3-Ply Miberglas
75S% Plus - 1231
3-Ply Hylon
75ST Plue - 1163
3-Ply Fiberglas
Ourrent M1 Helmet - 1040(A)

Assembly (.QuOW)®

WAL T10/738 - Protection 1imit probably 50 feet-per-seconds higher than
Aomy limit,
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